Abstract Objectives
Non-adherence to discharge criteria recommended by asthma protocols or clinical pathways is a possible cause of premature hospital discharge and frequent readmissions. The aim of this study is to determine percentage of premature hospital discharge among asthmatic patients presenting with acute exacerbation of asthma.
Patients and Methods
A random sample of 71 asthmatic patients was selected from those admitted with acute severe asthma. Patients' symptoms and peak expiratory flow (PEF) readings were recorded after the decision of discharge was made by the medical unit. Values were compared to those recommended by the guidelines of the British Thoracic Society. Results Only 32% of asthmatic patients were discharged with adequate PEF (≥75% of predicted). About one fifth (20%) were discharged with PEF <50% of predicted. Those discharged with inadequate PEF had minimal symptoms compared to those with higher PEF values (P <0.05). More than half of patients (51%) had been recently admitted, within one week, for acute severe asthma . It accounts for considerable healthcare costs and loss of work productivity (2) . About 300 million people suffer from asthma, and this number may reach 400 million by the year 2025
. An estimated 250,000 annual deaths were attributed to the disease and almost all these deaths were avoidable . With the increasing morbidity and mortality of asthma, international guidelines have been developed for proper management during hospital admission and after discharge from hospital .
In these guidelines, recommendations based on the best available clinical evidences are offered to physicians for successful practice. Previous studies showed a major discrepancy between current management of acute severe asthma in hospitals and what is recommended in the guidelines (7, 8) . Non-adherence to these guidelines is a major cause of poor outcomes. Asthmatic patients usually present with cough, breathlessness, chest tightness and wheezes. Signs include agitation, use of accessory respiratory muscles, increased respiratory rate, increased pulse rate, blood pressure paradox and audible wheezes or silent chest. Laboratory findings show decreased forced expiratory volume in the first second (FEV1), decreased PEF, and low oxygen saturation (SaO2). The severity of signs and results of lung function tests are used to categorize asthma exacerbations into mild, moderate, severe or life-threatening. Severe and life threatening attacks require prompt management and close follow-up to monitor patients' response to therapy. This can be achieved with serial measurements of lung ventilatory function using a spirometer or a peak flow meter. Peak flow meter is widely used for this purpose. It is simple, portable and inexpensive device that measure patients' PEF to determine severity of their airway obstruction. Patients' recovery is indicated with improved symptoms, signs and PEF readings. The decision to discharge patients can be taken as soon as clinical evidence of their recovery are ensured. It is recommended that patients whose PEF readings are ≥75% best or predicted can be discharged safely from emergency departments . Patients discharged with PEF <75% best or predicted are at greater risk of early relapse and readmission (9, 10) . This premature discharge has high impact on patients' quality of life and health system resources. It is worth noting that discharge criteria mentioned in the international guidelines for asthma management are inadequate and lack clear endpoint recommendations (11, 12) . For example, in the guidelines of the British Thoracic Society it is stated that "there is no single physiological parameter that defines absolutely the timing of discharge from an admission with acute asthma. Patients should have clinical signs compatible with home management, be on reducing amounts of β2 agonist (preferably no more than 4 hourly) and be on medical therapy they can continue safely at home"
(5)
. These recommendations, especially discharge with 4 hourly β2 agonist, are still under debate by many clinicians (12) . Prior to discharge, each patient should be provided with the necessary medications, educated on inhaler technique and provided with written action plan to adjust their therapy within recommendations and to recognize and manage recurrence of the airflow obstruction . A recent study conducted in Sudan showed that a significant proportion of asthmatic patients admitted to hospital were receiving treatment inconsistent with the recommendations of the international protocols for asthma management (13) . However, the outcome of that treatment and the adequacy of those patients for discharge from hospital were not evaluated. The aim of this study is to determine the percentage of premature hospital discharge for patients admitted with acute exacerbation of asthma by objective evaluation of their lung function, using a peak flow meter. Methods This study was conducted in Khartoum North Teaching Hospital during the period from January to March 2010. A sample of 71 asthmatic patients was selected with simple random sampling from all patients admitted to the emergency department with acute severe asthma during the study period. Inclusion criteria were adult, known asthmatic for at least one year and presenting with severe exacerbation of asthma. Exclusion criteria were age less than 18 years, either not known asthmatic or known for less than one year, current or past history of smoking and suffering from a comorbidity that interferes with lung function (e.g. heart failure, pneumonia, lung fibrosis etc). Height and weight of each patient were measured with standardized height and weight scales. The mini Wright peak flow meter (Clement Clarke, UK) was used for measurement of PEF for each patient. Patients were approached immediately after decisions of discharge were made by the treating doctors. Measurements were taken while patients were seated. The best of three acceptable readings was taken and expressed as a percentage of reference value according to patients' age, gender and height. The reference values used were African values derived from the Third National Health and Nutrition Examination Survey (NHANES III) of the United States (14) . All measurements were made by the same researcher to avoid inter-individual variability. Collected data were analyzed using the Statistical Package for the Social Sciences (SPSS), version 16 (SPSS Inc., US). Patients' characteristics and mean percentages of their PEF readings were presented in frequency tables. The chi-squared test was used to test distribution of categorical variables. Statistical significance was accepted when P value <0.05. The research conforms to the ethical principles of medical research developed by the World Medical Association Declaration of Helsinki (15) . Study approval was obtained from the head of the medical unit. All patients gave their consent before participating in the study.
Results
The majority of patients (70%) were younger than 35 years old. Female to male ratio was 1:1.6. Other patients' characteristics are shown in Table 1 . Patients discharged with adequate PEF values (≥75% of predicted) were 32% of all patients in the study group whereas those discharged with very low PEF (<50% of predicted) were 20% of all patients in the study group (Table  2) . P<0.05 Table 3 shows that patients discharged with PEF <50% of predicted had minimal symptoms compared to those discharged with higher PEF values (P <0.05). P<0.05 Table 4 shows that more than half (51%) of all patients had been treated in hospital for acute asthma exacerbation within one week prior to their presentation. A significant relation was found between recent hospital admission and inadequate PEF on discharge (P < 0.05). ). For this reason, objective measurement of lung function is recommended for every asthmatic patient on presentation, during follow-up and before a decision of discharge is made by the treating doctor. Discharge decisions based on these recommendations are expected to reduce recurrence of symptoms and relapse rates (18) . However, because of the limited numbers of beds in the emergency departments, doctors are forced sometimes to discharge patients with limited improvement in order to spare beds for those with more serious attacks. Early discharge from hospital might be cost effective when a patient is able to continue his own management at home and he is provided with a well explained written action plan . In this study, PEF values were adequate in only one third of patients. About two thirds were discharged from hospital with PEF readings less than 75% of predicted; most probably because most of them were asymptomatic. However, some of these asymptomatic patients had PEF readings less than 50% of predicted. These patients could be described as low perceivers since they were not aware of severity of their airway obstruction (19) . Previous studies described similar patients who deceptively appeared stabilized despite presence of severe airway obstruction (20) . In addition, patients discharged Original Article Asthmatic patients Tarig H Merghani prematurely may ignore their symptoms because they have just left the hospital. Whether a low perceiver or discharged prematurely, these patients may delay seeking medical advice until it becomes too late for urgent management. Such problems can be avoided with adherence to asthma management protocols and clinical pathways. In this study, almost half of our patients had been treated in hospital within one week prior to this presentation. Their re-admissions were most probably caused by inadequate treatment and premature discharge during management of their earlier attacks. Repetition of premature discharge would result in regular attendance to the emergency department. This impairs patients' quality of life and causes frequent absenteeism from work. A review of global burden of asthma reported considerable health care costs and loss of work productivity (2) . We have recently shown that about 5% of asthmatic patients are jobless and 20% have unstable work in Sudan (21) . On the other hand, exacerbations of partially controlled asthma are more expensive to manage than those of well controlled asthma (22) . Therefore, premature discharge causes economic burden not only on the patients themselves, but also on the health system as a whole. It is worth noting that the majority of these patients were young adults.
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One of the major limitations in this study is the use of PEF reference values derived from African subjects for evaluation of patients' readings rather than using personal best value of each patient. However, unlike reference values of other spirometric parameters, racial differences in PEF reference values are almost absent (23) . On the other hand, the use of personal best PEF values for determination of patients' adequacy for hospital discharge is useful and highly recommended . In this study, the high percentage of premature hospital discharge could actually be lower, if personal best PEF readings were used for evaluation. Another limitation in this study is the use of peak flow meter alone for measurement of lung function, without including results of blood gas analysis. In spite of that, the low PEF findings and their significant association with recent history of hospital admission are highly suggestive of premature discharge, which carries the risk of increased asthma morbidity and mortality. Prompt interventions are needed to solve this problem. Suggestions include urgent provision of more beds in the emergency department, strict implementation of national or international protocols for asthma management and continuous medical education for the medical staff in the emergency departments. 
